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Abstract 
Asymmetrical electrodes under high voltage which are separated by a dielectric material experience thrust towards the smaller electrode. 
This system of propulsion is innovative and has several unique features that distinguish it from conventional methods of propulsion. One 
such advantage of this phenomenon is that the electrical energy is directly converted into a mechanical force without the requirement of 
any moving components. However, the flow physics associated with the thrust produced on the asymmetrical electrodes is quite complex 
and not yet fully understood. An experimental investigation at the University of New South Wales Aerodynamics Laboratory was 
conducted on model asymmetrical electrodes in order to investigate its possible use in the propulsion of vehicles.   
A simple experimental model frame was constructed using lightweight balsa wood and asymmetrical electrodes composing of foil and 
wire. High DC voltage in the range of 10-35 kilo volts was used in the experiments.  The results were very encouraging and thrust was 
observed. Further experiments involved altering parameters such as, the electrode geometry and configuration, the dielectric material and 
the pulsing of voltage input. When these changes were implemented, it was shown that a greater thrust was obtained.  This suggests that 
the concept has real potential for practical application and that higher thrust may be possible with the same energy input which could pave 
the way for an efficient propulsion system of future vehicles with minimal energy requirements.   
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Energy Foundation 
 
Key Words: Asymmetrical capacitor; electrode; electric propulsion 
1. Introduction 
The major drive at University of New South Wales aerodynamics laboratory has been new and efficient technologies 
such as flow control and more currently propulsion systems1-20. Global carbon emissions, pollution and the impact of 
conventional propulsion on the planet have been of major concern and have prompted an investigation towards more 
efficient propulsion methods.  Propulsion efficiency in aircraft and spacecraft 
propellant to be transferred into useable energy, replacing losses due to drag, gravity and acceleration. The efficiency levels 
of conventional aircraft and spacecraft pose great limits to our ability for long term flight travel and interplanetary travel 
respectively. More than 90% of launch mass is propellant which inevitably diminishes rapidly during the course of the 
flight, thus resulting in limited maneuverability and mission longevity21.  
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Electric propulsion by the means of asymmetrical capacitors is believed to hold a promising future for a propulsion 
system with great efficiency levels. A craft utilizing this system would have no moving parts; electrical energy would be 
converted directly to mechanical force22.  It would be relatively easy to construct, the main embodiment of the craft would 
consist of four simple parts, a small electrode, a large electrode, a high k value dielectric material insulator and a power 
supply capable of high voltages. Such a system of propulsion is propellentless and would have no need for large fuel 
supplies or fuel payload which is currently one of the primary drawbacks of conventional rocket and jet propulsion. Such a 
propellentless system implies almost unlimited travel time and improved maneuverability as well as great stealth 
characteristics. Craft of this nature 
like conventional craft eliminating both acoustic and heat signatures. 
on arose 
when Paul Alfred Biefeld and Thomas Townsend Brown23 suggested a link to exist between electricity and gravity. Thrust 
was observed on asymmetrical capacitors towards the smaller electrode at high voltages, when a leakage current flows 
between the electrodes. This postulation later became known as the Biefeld-Brown effect.  
Subsequent experiments conducted by Brown provide a better understanding and suggest that the effect22: 
 
 produces the greatest force on the capacitor and occurs when the plates are closest together, 
 depends on the dielectric strength of the material between the electrode plates, 
 depends on the area of the conductors, and 
 is greatest when the mass of the dielectric between the plates is greatest. 
 
Unfortunately, however, there was insufficient empirical evidence based on the experiments coupled with minimal 
knowledge of the concepts of electromagnetism and gravity for such a claim to be taken seriously24.  
However, the most significant implication of the above findings is that the force exerted on an asymmetrical capacitor 
has the potential for vehicle propulsion. Despite the fact that the cause of the thrust observed towards the positive electrode 
is not yet fully understood or explained, it is evident that altering certain parameters may increase the levels of thrust whilst 
maintaining equal or less input energy. These variables include dielectric material and mass, DC pulsing frequency and 
certain electrode geometries. A series of experiments are conducted in order to investigate the effects of optimizing these 
parameters to show a promising propulsion system. 
2. Experiments 
2.1. Electrode geometry 
The single most unique factor of the force observed on the capacitor setup is the asymmetry of the electrodes. Therefore, 
the first experiment aims to observe the effects of changing the magnitude of this asymmetry. In order for this to be 
achieved two separate experiments are undertaken whereby a range of different wire diameters are tested (small electrode) 
followed by a range of foil depths (large electrode). A model of the asymmetrical electrode capacitor is shown below in 
Figure 1a. 
Five different sized copper wires, 0.15 mm, 0.25 mm, 0.3 mm, 0.4 mm and 0.8 mm are selected and tested. Each of the 
wires was tested on an equilateral triangular lifter consisting of a side length of 15 cm, foil depth of 4 cm and a distance 
between the electrodes of 3 cm. Thrust measurements were taken by the reduction in weight observed on the mass scales. 
As expected the individual weight of each lifter slightly increases as the thickness of the wire increases, for this reason the 
change in weight is observed. Figure 1b below shows the change in weight 
input in kilovolts. 
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Fig. 1(a) Model asymmetrical electrodes ;( b) the change in mass observed on the asymmetrical electrodes on different wire diameters 
It is quite obvious from Figure 1b that as the wire diameter increased the thrust produced decreased. It becomes quite clear 
from this experiment that the asymmetry greatly affects the  ability to generate thrust. It was also 
observed that as the wire diameter increased, spark discharges became apparently more powerful and occurring at lower 
voltages. This may attributed to the fact that the thicker wire diameter draws greater currents which in turn allows greater 
currents to pass through during dielectric breakdown (arcing). Dielectric breakdown occurred for wire diameters above 0.3 
mm. Both experiments, 0.15 mm and 0.25 mm, show large dips in lift, this is due to the craft gaining full lift and hovering. 
The second experiment conducted in order to determine the gains which may be made from the increased asymmetry of the 
electrodes involves varying the depth of the foil or larger electrode. It is believed that the electric field lines produced by the 
asymmetrical field travel far down the large electrode. Therefore, it is believed that by varying the depth of the foil a greater 
amount of this electric field may be utilized25.  
Three foils depths were tested on identical lifters. The lifter used was also the same equilateral lifter used in experiment 
above, using 0.15 mm diameter enamel coated copper wire. The foil depths consisted of 4 cm, 5 cm and 6 cm, shown in 
Figure 2b. 
   
 
Fig. 2. (a)The change in mass observed on the asymmetrical capacitor with different negative electrode depths; (b) Picture of varying large electrode. 
The above graph outlines the effect of foil depth against a change in mass of the lifter with respect to voltage input. It can 
be seen that as foil depth increases, the ability for the lifter to produce force also increases. The sudden dips in the graph are 
caused by the complete weightlessness observed on the scales by the asymmetrical capacitor at 32 kV. From these results it 
is possible to attribute the increased lift with increased foil depth due to the fact that as the area of the larger electrode (foil) 
increases, more electric field lines are encountered which assists in generating lift. The observations of this asymmetry are 
consistent with an electrostatic explanation for the effect.  
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Fig. 3. The electric field around an asymmetrical capacitor25. 
Figure 3 above shows the electric field lines created by asymmetrical electrodes. It can be seen that the electric field lines 
wrap around the larger round electrode, which assists the results that a larger foil depth will experience more of the electric 
field. 
2.2. Dielectric Material 
All previous tests used air as the dielectric material separating the electrodes. This particular experiment is conducted to 
observe the effects of changing the dielectric material to materials with a higher electrical permittivity (k value). It was 
expressed by Brown that dielectric material strength plays a vital role in the ability for the asymmetrical capacitor to 
produce thrust efficiently23. The basis of the propulsion system lies in the ability for the dielectric material to hold charge. 
Dielectric materials with k values up to 30,000 are believed to be sufficient for supersonic speeds26. 
The following experiment is undertaken to observe the actual effects of varying the dielectric material. The comparison 
is made between air, glas n in the Table 1 below. 
Table 1. Dielectric material permittivity 
 
 
 
 
 
 
 
A simple asymmetrical capacitor is constructed which consists of a thread of wire 150mm in length and 0.015mm in 
diameter. A section of foil equal in length to the wire separated by a 40mm gap and depth of 40mm acted as the larger 
negative electrode. The electrodes are charged and maintained at 30kV.  With air as the dielectric material, the configuration 
reduced in weight by a total of 4 g, whilst drawing a current of 188μA. A piece of galena show in Figure 4b, approximately 
42mm x 33mm x 33mm was placed in between the electrode configuration to observe the effects. Instantly the weight of the 
asymmetrical electrodes reduced further to a total of 6.5 grams at the same amount of voltage input. 
Dielectric Material Electric 
permittivity (k) 
 
Air 1  
Glass 6  
Galena 18  
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Fig. 4 (a).  The change in mass with glass dielectric; (b) Galena specimen 
 
 
 
Next, a test was conducted with glass as the dielectric material. The positive electrode had an area of 125mm2 separated 
by 3mm of glass. Figure 4a shows the change in mass of the asymmetrical capacitor with voltage. 
The results above relate to the findings of 
Buehler found that at 200 kV and air as the dielectric material, his capacitor decreased in weight by a maximum of 12g27. 
On the other hand, experiments utilizing glass (k value of 6) as the dielectric; managed to decrease in weight of up to 380g 
electrodes used and the thickness of the dielectric material. It is observed that the sizes of the electrodes are directly 
proportional to the thrust observed. 
2.3. Pulsed DC 
This experiment aims to increase the efficiency of the forces observed on an asymmetrical capacitor by pulsing the DC 
voltage input. A range of low frequency ranges are tested to observe the effects. Frequency changes were achieved by 
inserting a MOSFET switch in the high voltage power supply whereby frequencies may be varied with a signal generator. A 
simple triangular asymmetrical capacitor similar to the model used in the electrode geometry experiments was used. Wire 
diameter and foil depth were 0.15mm, 40mm respectively. The model was charged to 28kV and allowed to hover 
completely weightless. Table 2 below shows the effects of frequency change on the current input. 
 
Table 2. Current and power consumption of pulsed DC voltage 
 
Frequency Current 
(μA) 
Power 
 (W) 
40 
50 
60 
70 
80 
144 
162 
152 
118 
133 
4.032 
4.536 
4.256 
3.304 
3.724 
 
 
As shown in Table 2, a frequency of 70Hz reduces the current input requirement to 118μA whilst maintaining complete 
weightlessness. The power requirement at 70Hz is 3.304W which is more than 2.5 times more efficient than a normal DC 
voltage input which drew 5.264W of power. It is observed that adjusting the frequency of the DC input has a positive effect 
 of the system at this point is 1101W/kg with air as the 
dielectric.  
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3. Conclusions  
It has been shown that asymmetrical capacitors under high voltage, separated by a dielectric material experience thrust 
towards the positive electrode. This form of propulsion is propellent-less and requires no moving parts to convert electricity 
directly into mechanical force.  Certain variables were investigated in order to come to conclusions about the possibility of 
asymmetrical capacitors as a more efficient method than conventional propulsion. Experiments varying the asymmetry of 
the electrodes has concluded that the greater the asymmetry the greater the observed effect. Secondly, experiments were 
conducted to investigate the effect different dielectric materials had on the thrust observed. It was shown that materials with 
performed more efficiently. Lastly an investigation was undertaken into the pulsing of the 
input DC voltage. It was shown that varying the DC frequency pulse had positive effects on the efficiency of the model 
asymmetrical electrode. It may be concluded from these experiments that on a large scale, great asymmetry of electrodes, 
extremely high k value dielectric material and a tuned frequency DC input could make this method of propulsion very 
possible and efficient for commercial and military applications. The need for large amounts of hydrocarbon fuel and 
payloads and their impact on the environment would be eliminated. 
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